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(57)Abstract 

PROBLEM JO BE SOLVED: To provide an imaging lens for a solid- 
state imaging device whose optical performance is excellent, whose 
performance degradation is restrained to be little with respect to 
temperature change and which is inexpensive and compact by 
appropriately arranging a glass lens and a plastic lens. 
SOLUTION: The imaging lens forming an image on the solid-state 
imaging device is constituted of three lenses. It is constituted of a 
first positive lens (L1), an aperture diaphragm (ST), a second 
positive lens (L2), and a third negative lens (L3) whose concave 
surface faces an image surface side in order from an object side. 
Either the first or the second lens (L1 or L2) is the glass lens and 
the other is the plastic lens, and the third lens (L3) is the plastic 
lens. The lens constitution satisfies a conditional expression: 
0.3<f/fG<2.6 (f: the focal distance of an entire system, and fG: the 
focal distance of the positive glass lens). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the image pick up lens of the three lens configuration which forms an image in a 
solid state image sensor. Sequentially from a body side The 1st forward lens, It consists 
of an aperture diaphragm, the 2nd forward lens, and the 3rd negative lens that turned 
the concave surface to the image surface side. Image pick up lens which either of said 
1st and 2nd lens is a glass lens, another side is a plastic lens, and said 3rd lens is a 
plastic lens, and is characterized by satisfying the following conditional expression (l); 
0.3<f/fG<2.6 - (1) 
It corrects, 

f. The focal distance of the whole system, 
fG: The focal distance of a forward glass lens, 
It comes out. 
[Claim 2] 

It is the image pick-up lens of the three lens configuration which forms an image in a 
solid state image sensor. Sequentially from a body side The 1st forward lens, It consists 
of an aperture diaphragm, the 2nd forward lens, and the 3rd negative lens that turned 
the concave surface to the image surface side. Image pick-up lens which either of said 
1st and 2nd lens is a glass lens, another side is a plastic lens, and said 3rd lens is a 
plastic lens, and is characterized by satisfying the following conditional expression (2); 
0.05<TG/fG<1.35 - (2) 
It corrects, 

TG" Shaft top lens thickness of a forward glass lens, 
fG: The focal distance of a forward glass lens, 
It comes out. 
[Claim 3] 
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It is the image pick up lens of the three lens configuration which forms an image in a 
solid state image sensor. Sequentially from a body side The 1st forward lens, It consists 
of an aperture diaphragm, the 2nd forward lens, and the 3rd negative lens that turned 
the concave surface to the image surface side. Image pick-up lens which either of said 
1st and 2nd lens is a glass lens, another side is a plastic lens, and said 3rd lens is a 
plastic lens, and is characterized by satisfying the following conditional expression (3); 
I f3|/fP<2.6 - (3) 
It corrects, 

f3- The focal distance of the 3rd lens, 

fP: The focal distance of a forward plastic lens, 

It comes out. 

[Claim 4] 

It is the image pick-up lens of the three lens configuration which forms an image in a 
solid state image sensor. Sequentially from a body side The 1st forward lens, It consists 
of an aperture diaphragm, the 2nd forward lens, and the 3rd negative lens that turned 
the concave surface to the image surface side. Image pick-up lens which either of said 
1st and 2nd lens is a glass lens, another side is a plastic lens, and said 3rd lens is a 
plastic lens, and is characterized by satisfying the following conditional expression (4); 
0.05<T3 / f< 0.5 - (4) 
It corrects, 

T3: Shaft top lens thickness of the 3rd lens, 
P The focal distance of the whole system, 
It comes out. 
[Claim 5] 

It is the image pick-up lens of the three lens configuration which forms an image in a 
solid state image sensor. Sequentially from a body side The 1st forward lens, It consists 
of an aperture diaphragm, the 2nd forward lens, and the 3rd negative lens that turned 
the concave surface to the image surface side. Image pick-up lens which either of said 
1st and 2nd lens is a glass lens, another side is a plastic lens, and said 3rd lens is a 
plastic lens, and is characterized by satisfying the following conditional expression (5); 
VG> 58 -(5) 
It corrects, 

VG* The Abbe number of a forward glass lens, 
It comes out. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the small image pick-up lens suitable for the digital input 
devices (a digital still camera, digital camcorder, etc.) which incorporate the image of a 
photographic subject with a solid state image sensor in more detail about an image 
pick-up lens. 
[0002] 

[Description of the Prior Art] 

In recent years, a digital still camera, a digital camcorder, etc. which can incorporate 
image information to a digital instrument easily are spreading by the individual user 
level with the spread of personal computers etc. (only henceforth a "digital camera"). It 
is expected that such a digital camera continues to spread increasingly as an input 
device of image information. 
[0003] 

Moreover, the miniaturization of solid state image sensors, such as CCD (Charge 
Coupled Device) carried in a digital camera, is progressing, and the digital camera is 
also asked for much more miniaturization in connection with it. For this reason, 
miniaturization is strongly requested also from the image pick-up lens which occupies 
the greatest volume in a digital input device. Although the easiest approach makes size 
of a solid state image sensor small for miniaturizing an image pick-up lens, it is 
necessary to make size of a photo detector small for that purpose, and while the 
manufacture difficulty of a solid state image sensor goes up, the engine performance 
required of an image pick-up lens also becomes high. 
[0004] 

On the other hand, if the size of a solid state image sensor is left as it is and size of an 
image pick-up lens is made small, an exit pupil location will approach the image surface 
inevitably. If an exit pupil location approaches the image surface, in order that the axial 
outdoor daylight bundle injected from the image pick-up lens may carry out incidence 
aslant to the image surface, the condensing engine performance of the micro lens 
prepared in the front face of a solid state image sensor will not fully be demonstrated, 
but the problem that the brightness of an image changes extremely by the image center 
section and the image periphery will arise. If it is going to detach the exit pupil location 
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of an image pick up lens in the distance in order to solve this problem, enlargement of 

the whole image pick up lens will never no longer be avoided. 

[0005] 

Furthermore, the request of low cost-izing is becoming strong also at an image pick up 
lens for a low-pricing competition in recent years. The image pick up lens of the three 
lens configuration for solid state image sensors is proposed by the patent reference 1 
and 2 to the above requests. 
[0006] 

[Patent reference l] 

** table No. 517773 [ 2002 to ] official report 

[Patent reference 2] 

JP,2002-98889,A 

[0007] 

[Problem(s) to be Solved by the Invention] 

However, as for the image pick-up lens of patent reference 1 publication, all lenses 
consist of plastic lenses. For this reason, there is a problem that performance 
degradation is large, to a temperature change. Moreover, a field angle is about 50 
degrees and a field angle is not enough to use it as an image pick up lens. Although the 
image pick-up lens of patent reference 2 publication consists of two glass lenses and one 
plastic lens, in spite of using two glass lenses, with this configuration, the performance 
degradation by the temperature change will become large. Furthermore, since no less 
than two sheets are using the glass lens, it will become high cost. 
[0008] 

Optical-character ability is good by making this invention in view of such a situation, 
and arranging a glass lens and a plastic lens appropriately, and to a temperature 
change, there is little performance degradation and it aims at offering low cost and the 
compact image pick-up lens for solid state image sensors. 
[0009] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, the image pick-up lens of the 1st 
invention It is the image pick-up lens of the three lens configuration which forms an 
image in a solid state image sensor. Sequentially from a body side The 1st forward lens, 
It consists of an aperture diaphragm, the 2nd forward lens, and the 3rd negative lens 
that turned the concave surface to the image surface side. Either of said 1st and 2nd 
lens is a glass lens, another side is a plastic lens, said 3rd lens is a plastic lens, and it is 
characterized by satisfying the following conditional expression (l). 
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0.3<f/fG<2.6 ■- (1) 
It corrects, 

f The focal distance of the whole system, 
fG- The focal distance of a forward glass lens, 
It comes out. 
[0010] 

The image pick up lens of the 2nd invention is an image pick up lens of the three lens 
configuration which forms an image in a solid state image sensor. Sequentially from a 
body side The 1st forward lens, It consists of an aperture diaphragm, the 2nd forward 
lens, and the 3rd negative lens that turned the concave surface to the image surface side. 
Either of said 1st and 2nd lens is a glass lens, another side is a plastic lens, said 3rd lens 
is a plastic lens, and it is characterized by satisfying the following conditional 
expression (2). 
0.05<TG/fG<1.35 - (2) 
It corrects, 

TG: Shaft top lens thickness of a forward glass lens, 
fG^ The focal distance of a forward glass lens, 
It comes out. 
[0011] 

The image pick up lens of the 3rd invention is an image pick-up lens of the three lens 
configuration which forms an image in a solid state image sensor. Sequentially from a 
body side The 1st forward lens, It consists of an aperture diaphragm, the 2nd forward 
lens, and the 3rd negative lens that turned the concave surface to the image surface side. 
Either of said 1st and 2nd lens is a glass lens, another side is a plastic lens, said 3rd lens 
is a plastic lens, and it is characterized by satisfying the following conditional 
expression (3). 
I f3|/fP<2.6--(3) 
It corrects, 

f3: The focal distance of the 3rd lens, 

fP: The focal distance of a forward plastic lens, 

It comes out. 

[0012] 

The image pick up lens of the 4th invention is an image pick-up lens of the three lens 
configuration which forms an image in a solid state image sensor. Sequentially from a 
body side The 1st forward lens, It consists of an aperture diaphragm, the 2nd forward 
lens, and the 3rd negative lens that turned the concave surface to the image surface side. 
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Either of said 1st and 2nd lens is a glass lens, another side is a plastic lens, said 3rd lens 
is a plastic lens, and it is characterized by satisfying the following conditional 
expression (4). 
0.05<T3 / f< 0.5 - (4) 
It corrects, 

T3- Shaft top lens thickness of the 3rd lens, 
f : The focal distance of the whole system, 
It comes out. 
[0013] 

The image pick-up lens of the 5th invention is an image pick-up lens of the three lens 
configuration which forms an image in a solid state image sensor. Sequentially from a 
body side The 1st forward lens, It consists of an aperture diaphragm, the 2nd forward 
lens, and the 3rd negative lens that turned the concave surface to the image surface side. 
Either of said 1st and 2nd lens is a glass lens, another side is a plastic lens, said 3rd lens 
is a plastic lens, and it is characterized by satisfying the following conditional 
expression (5). 
VG> 58 - (5) 
It corrects, 

VG- The Abbe number of a forward glass lens, 

It comes out. 

[0014] 

[Embodiment of the Invention] 

Hereafter, the gestalt of operation of the image pick up lens concerning this invention is 
explained, referring to a drawing. An optical cross section shows the lens configuration 
of the gestalt of the 1st - the 3rd operation to drawing 1 -3, respectively. The image 
pick up lens of the gestalt of each operation is all a single focal lens for an image pick up 
(for example, for digital cameras) which forms an optical image to a solid state image 
sensor (for example, CCD). And it has three lens composition of the 1st forward lens 
(Ll), an aperture diaphragm (ST) and the 2nd forward lens (L2), the 3rd negative lens 
(L3) that turned the concave surface to the image surface side, and ** sequentially from 
the body side, and the glass filter (GF) of the shape of a plane -parallel plate equivalent 
to an optical low pass filter etc. is arranged at the image surface side. Moreover, in the 
gestalt of the 1st - the 3rd operation, all lens sides (rl, r2, r4-r7) are the aspheric surface. 
[0015] 

The lens configuration of the gestalt of each operation is explained in more detail. It is 
the plastic lens which has the forward meniscus configuration where the 1st lens (Ll) 
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turned the convex to the image surface side in the gestalt of the 1st operation, and the 
2nd lens (L2) is a glass lens which has the forward meniscus configuration where the 
convex was turned to the image surface side, and the 3rd lens (L3) is a plastic lens 
which has the negative meniscus configuration where the concave surface was turned to 
the image surface side. In the gestalt of the 2nd operation, the 1st lens (Ll) is a glass 
lens which has the forward meniscus configuration where the convex was turned to the 
body side, the 2nd lens (L2) is a plastic lens which has the forward meniscus 
configuration where the convex was turned to the image surface side, and the 3rd lens 
(L3) is a negative plastic lens which has both the concave configuration. It is the glass 
lens which has the forward meniscus configuration where the 1st lens (Ll) turned the 
convex to the body side in the gestalt of the 3rd operation, and the 2nd lens (L2) is a 
plastic lens which has the forward meniscus configuration where the convex was turned 
to the image surface side, and the 3rd lens (L3) is a plastic lens which has the negative 
meniscus configuration where the concave surface was turned to the image surface side. 
[0016] 

Arrangement of power (amount defined by the inverse number of a focal distance) sets 
in forward, forward, and a negative lens type like the gestalt of each operation. By using 
either of the 1st and 2nd lens (Ll, L2) into a glass lens, using another side as a plastic 
lens, and using the 3rd lens (L3) as the plastic lens which turned the concave surface to 
the image surface side It becomes possible to make the exit pupil location required for 
an image pick up lens, the optical-character ability, the cost, compactability, and 
manufacturability for solid state image sensors balance good. The conditions for 
realizing this effectively are explained below. 
[0017] 

First, the conditional expression which the image pick-up lens of the gestalt of each 
operation should satisfy, i.e., conditional expression with desirable filling in the type 
image pick-up lens like the gestalt of each operation, is explained. However, if it is 
necessary to fill to coincidence no conditional expression explained below and each 
conditional expression is independently satisfied according to an optical configuration, 
respectively, it is possible to attain operation and effectiveness of corresponding. Of 
course, it cannot be overemphasized that it is more more desirable from viewpoints, 
such as optical-character ability, a miniaturization, manufacture, and assembly, to 
satisfy two or more conditional expression. 
[0018] 

It is desirable to satisfy the following conditional expression (l). 
0.3<f/fG<2.6 - (1) 
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It corrects, 

£ The focal distance of the whole system, 
fG- The focal distance of a forward glass lens, 
It comes out. 
[0019] 

Conditional expression (l) has specified the condition range for making the 
engine performance change and each aberration engine performance by the 
temperature change balance about the forward glass lens of forward, forward, and 
negative. If the minimum of conditional expression (l) is exceeded, the 
engine -performance change by the temperature change will become large. On the 
contrary, although the engine-performance change by the temperature change will 
become small if the upper limit of conditional expression (l) is exceeded, distortion 
aberration and comatic aberration will get worse. 
[0020] 

It is desirable to satisfy the following conditional expression (2). 
0.05<TG/fG<1.35 - (2) 
It corrects, 

TG* Shaft top lens thickness of a forward glass lens, 
fG: The focal distance of a forward glass lens, * 
It comes out. 
[0021] 

Conditional expression (2) has specified the condition range for making the 
engine-performance change and the manufacture conditions of a glass lens by the 
temperature change balance about the forward glass lens of forward, forward, and 
negative. If the upper limit of conditional expression (2) is exceeded, the 
engine -performance change by the temperature change will become large. Although the 
engine -performance change by the temperature change becomes small, a glass lens 
becomes thin too much, and it becomes impossible for the thickness in a lens periphery 
to fully secure it, and it becomes impossible on the contrary, to manufacture it, if the 
minimum of conditional expression (2) is exceeded. 
[0022] 

It is desirable to satisfy the following conditional expression (3). 
I f3|/fP<2.6- (3) 
It corrects, 

f3* The focal distance of the 3rd lens (L3), 

fP- The focal distance of a forward plastic lens, 
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It comes out. 
[0023] 

Conditional expression (3) has specified the condition range for making the 
engine performance change by the temperature change balance about plastic lenses 
other than a glass lens. If it separates from the condition range of conditional 
expression (3), the engine-performance change by the temperature change will become 
large. 
[0024] 

It is desirable to satisfy the following conditional expression (4). 

0.05<^T3/f<0.5--(4) 

It corrects, 

T3- Shaft top lens thickness of the 3rd lens (L3), 
f: The focal distance of the whole system, 
It comes out. 
[0025] 

Conditional expression (4) . has specified the condition range for making the 
engine -performance change and each aberration engine performance by the 
temperature change balance about the 3rd lens (L3) which is the only negative lens 
among forward, forward, and negative. If the upper limit of conditional expression (4) is 
exceeded, the engine-performance change by the temperature change will become large. 
On the contrary, although the engine-performance change by the temperature change 
will become small if the minimum of conditional expression (4) is exceeded, distortion 
aberration and comatic aberration will get worse. 
[0026] 

It is desirable to satisfy the following conditional expression (5). 
VG> 58 - (5) 
It corrects, 

VG- The Abbe number of a forward glass lens, 

It comes out. 

[0027] 

Conditional expression (5) has specified the condition range about chromatic-aberration 
amendment of a glass lens. If it separates from the condition range of conditional 
expression (5), chromatic-aberration amendment of a glass lens will run short, and 
chromatic aberration will get worse as a whole. Moreover, if it is going to be satisfied 
with a plastic lens of conditional expression (5), it will become a very expensive 
ingredient. 
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[0028] 

Like the gestalt of each operation, it is desirable for the 1st [ at least ] page of all lenses 
to be the aspheric surface. Establishing the 1st [ at least ] page of the aspheric surface 
in each of the 1st • the 3rd lens (L1-L3) has big effectiveness in amendment of spherical 
aberration, comatic aberration, and distortion aberration. Moreover, although the image 
pick up lens of the gestalt of each operation consists of only refraction mold lenses (that 
is, lens of the type with which a deviation is performed by the interface of the media 
which have a different refractive index) which deflect an incident ray according to a 
refraction operation, an usable lens is not restricted to this. For example, the diffraction 
mold lens which deflects an incident ray according to a diffraction operation, refraction / 
diffraction hybrid mold lens which deflects an incident ray in the combination of a 
diffraction operation and a refraction operation, the gradient index lens which deflects 
an incident ray according to the refractive -index distribution in a medium may be used. 
However, in order that the complicated process may cause a cost rise, as for the gradient 
index lens from which a refractive index changes within a medium, it is desirable to use 
a homogeneity material lens as three lenses (L1-L3) with the image pick-up lens 
concerning this invention. 
[0029] 

Moreover, in the gestalt of each operation, a rear stirrup may bend an optical path on 
the way before an image pick-up lens by arranging the field (for example, a reflector, a 
refracting interface, a diffraction side) which does not have optical power in an optical 
path. It is possible to attain thin- shape izing and the miniaturization on the appearance 
of the digital input devices (digital camera etc.) by which an image pick-up lens is 
carried by proper bending of an optical path that what is necessary is just to set up a 
bending location if needed. Moreover, the flux of light regulation plate for extracting and 
cutting the unnecessary light other than (ST) etc. may be arranged if needed. 
[0030] 

The image pick-up lens of the gestalt of each operation fits the use as a small image 
pick up lens for digital input devices, and can constitute the image pick-up lens 
equipment which incorporates the image of a photographic subject optically and is 
outputted as an electric signal by combining this with an optical low pass filter or a solid 
state image sensor, the camera with which image pick up lens equipment is used for 
still picture photography and animation photography of a photographic subject {-- for 
example digital camera; -- video camera; -- built-in to a digital video unit, a personal 
computer, a mobile computer, a wand reader, a cellular phone, a Personal Digital 
Assistant (PDATersonal Digital Assistant), etc. or it is the main component of camera} 



11 



JP2004- 163786 



by which external is carried out, for example, it comes out with the image pick-up lens 
which forms an objective optical image sequentially from a body (photographic subject) 
side, an optical low pass filter, and the solid state image sensor which changes into an 
electric signal the optical image formed with the image pick up lens, and is constituted. 
[0031] 

Therefore, invention (i) which has the following configurations - (iv) are contained in the 
gestalt of each operation mentioned above, by the configuration, it has good 
optical-character ability and compact image pick up lens equipment can be realized by 
low cost. And if this is applied to a digital camera etc., it can contribute to 
high-performance izing of the camera concerned, advanced features, low-cost izing, and 
miniaturization. 

(i) The image pick-up lens which forms an optical image, and the solid state image 
sensor which changes into an electric signal the optical image formed with the image 
pick-up lens, It is preparation ****** lens equipment. Said image pick-up lens 
sequentially from a body side The 1st forward lens, It consists of an aperture diaphragm, 
the 2nd forward lens, and the 3rd negative lens that turned the concave surface to the 
image surface side. Image pick-up lens equipment which either of said 1st and 2nd lens 
is a glass lens, another side is a plastic lens, and said 3rd lens is a plastic lens, and is 
characterized by satisfying at least one of said conditional-expression (l) - (5). 

(ii) The image pick up lens which forms an optical image, and the solid state image 
sensor which changes into an electric signal the optical image formed with the image 
pick up lens, It is preparation ****** lens equipment. Said image pick-up lens 
sequentially from a body side The 1st forward lens, It consists of an aperture diaphragm, 
the 2nd forward lens, and the 3rd negative lens. Either of said 1st and 2nd lens The 
glass lens of a meniscus configuration, Image pick-up lens equipment which another 
side is the plastic lens of a meniscus configuration, and said 3rd lens is a plastic lens of 
the meniscus configuration where the concave surface was turned to the image surface 
side, or both the concave configuration, and is characterized by satisfying at least one of 
said conditional-expression (l) - (5). 

(iii) Image pick up lens equipment the above (0 characterized by said 1st [ the ] - the 3rd 
lens having the 1st [ at least ] page of the aspheric surface, respectively, or given in (ii). 

(iv) Image pick up lens equipment of any one publication of the above (i) characterized 
by all of said 1st [ the ] - the 3rd lens being homogeneity material lenses - (iii). 

[0032] 

CCD, a CMOS (Complementary Metal Oxide Semiconductor) sensor, etc. which consist, 
for example of two or more pixels as a solid state image sensor are used, and the optical 
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image formed with the image pick-up lens is changed into an electric signal by the solid 
state image sensor. When the optical image which should be formed with an image 
pick-up lens passes the optical low pass filter which has the predetermined cut-off 
frequency property determined with the pixel pitch of a solid state image sensor, spatial 
frequency characteristics are adjusted so that the so-called clinch noise generated in 
case it is changed into an electric signal may be minimized. Predetermined digital 
image processing, picture compression processing, etc. are performed if needed, it is 
recorded on memory (semiconductor memory, optical disk, etc.) as a digital video signal, 
a cable is minded depending on the case, or the signal generated with the solid state 
image sensor is changed into an infrared signal, and is transmitted to other devices. 
[0033] 

In addition, although the optical low pass filter arranged between the last side of an 
image pick-up lens and a solid state image sensor is constituted from the gestalt of each 
operation by the glass filter (GF), it should just respond to the digital input device used. 
For example, a birefringence mold low pass filter made from Xtal with which the 
predetermined crystal orientation was adjusted, the phase mold low pass filter which 
attains the property of optical cut-off frequency needed according to the diffraction 
effect are applicable. 
[0034] 
[Example] 

Hereafter, construction data etc. are mentioned and the image pick-up lens which 
carried out this invention is explained still more concretely. The examples 1-3 given 
here are equivalent to the gestalt of the 1st - the 3rd operation mentioned . above, 
respectively, and the lens block diagram ( drawing 1 - drawing 3 ) showing the gestalt of 
the 1st - the 3rd operation shows the lens configuration of the corresponding examples 
1-3, respectively. In the construction data of each example, ri (i= 1, 2 and 3, ...) is 
counted from a body side. The radius of curvature of the i-th field (mm), di (i= 1, 2 and 
3, ...) is counted from a body side, shows the i-th axial top-face spacing (mm), counts 
nickel (i= 1, 2, 3, 4) and nui (i= 1, 2, 3, 4) from a body side, and shows the refractive 
index (Nd) and the Abbe number (nud) to d line of the i-th optical element. The focal 
distance (f, mm) and the f number (FNO) of the whole system are united with other data, 
and are shown, and the correspondence value of a monograph affair type is shown in 
Table 1. 
[0035] 

It shall be shown that the field where * mark was given to radius of curvature ri is a 
field which has a refraction operation equivalent to the dioptrics side of an aspheric 
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surface configuration or the aspheric surface, and it shall define as the formula (AS) of 
the following showing the field configuration of the aspheric surface. The aspheric 
surface data of each example are set by other data, and are shown. 
X(H) =(C0, H2)/{l+root (lepsilon-C 02, H2)} +sigma (Ai Hi) - (AS) 
However, inside of a formula (AS), 

X (H): The amount of displacement of the direction of an optical axis (AX) in the location 
of height H (plane peak point criteria), 

H' It is the height of a perpendicular direction to an optical axis (AX), 
CO* Paraxial curvature (= 1 -/radius of curvature), 
epsilon" secondary curved- surface parameter, 

Ai'i - the following aspheric surface multiplier (the data in Ai=0 are omitted.), 

It comes out. 

[0036] 

Drawing 4 - drawing 6 are the aberration Figs, corresponding to an example 1 - an 
example 3, and (A) is [ an astigmatism Fig. and (C of a spherical-aberration Fig. and 
(B)) ] distortion aberration Figs, among drawing 4 - drawing 6 {the FNO'f number and 
the Y^maximum image quantity (mm)}. In the spherical-aberration Fig., the continuous 
line (d) expresses each amount [ as opposed to / as opposed to / in d line and an alternate 
long and shor f t dash line (g) / g line / c line in a two dot chain line (c) ] of spherical 
aberration (mm), and the broken line (SC) expresses the sine -condition dissatisfied 
amount (mm). In the astigmatism Fig., each astigmatism [ as opposed to / as opposed to 
/ in a broken line (DM) / a meridional side / d line in a sagittal side in a continuous line 
(DS) ] (mm) is expressed. Moreover, in the distortion aberration Fig., the continuous line 
expresses the distortion (%) to d line. 
[0037] 
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«mm 1 » 

f=3.382,FN0=2.80 

wm*m m±mrmi mmm iry*m 

rl*= -10.748 

dl= 0.756 Nl=l. 53048 vl= 55.72 ai) 

r2*= -6.165 

d2= 0.933 

r3= oo(ST) 

d3= 0.500 

r4*= -12.672 

d4= 1. 734 N2=l. 48749 v 2= 70. 44(L2) 

r5*= -0.898 

d5= 0.100 

r6*= 5.623 

d6= 0. 700 N3=l. 58340 v 3= 30. 23 0,3) 

t7*= 1.145 

d7= 1.300 

r8= oo 

d8= 0. 500 N4=l. 51680 v 4= 64. 20 (GF) 

r9= oo 



[0038] 

[Page [ 1st] (rl) aspheric surface data] 

epsilon=-0.49000xl02, A4= 0.19628x10-1, A6= 0.42261x10-2, A8= 0. 14046x10-2, AlO= 
0.24571x10-3 

[Page [ 2nd ] (r2) aspheric surface data] 

epsilon- 0.61499x10, A4= 0.46300x10-1, A6= 0.58156x10-2, A8= 0.55287xl0-2, A10= 
0.25143x10-2 

[Page [ 4th ] (r4) aspheric surface data] 

epsilon=-0.10000xl0, A4=0.36178xl01, A6=0.35359xl01, A8= 0.33661x10-1, 
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Al0=-0.76906xl0-l 

[Page [ 5th ] (r5) aspheric surface data] 

epsilon=0. 10000x10, A4= 0.88131x10-2, A6=-0.10394, A8= 0.66365x10 1, 
Al0=0.21004xl01 

[Page [ 6th ] (r6) aspheric surface data] 

epsilon=0. 19193x10, A4=-0.51842xl0'l, A6= 0.75512x103, A8= 0.23514x102, 
Al0=0.21619xl0-2 

[Page [ 7th ] (r7) aspheric surface data] 

epsilon= 0.45157xl0, A4=0.44404xl01, A6= 0. 19663x10- 1, A8=0.73281xl0-2, A10= 

0.92529x10-3 

[0039] 



f=5.403,FN0=2.8Q 



rl*= 3.427 




1. 256 Nl=l. 58913 v 1= 61. 28 ai) 



0.643 



0.972 



1. 640 N2=l. 53048 v 2= 55. 72 (L2) 



0.100 



1. 584 N3=l. 58340 V 3= 30. 23 (L3) 



0.800 



r8= oo 



0. 500 N4=l. 51680 v 4? 64. 20 (GF) 



r9= oo 
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[0040] 

[Page [ 1st] (rl) aspheric surface data] 

epsilon= 0.45664, A4= 0.50687x10-2, A6= 0.84990x10 3, A8=0.13419xl0-4, A10= 
0.45261x10-4 

[Page [ 2nd ] (r2) aspheric surface data] 

epsilon= 0.13638x102, A4= 0.12538x10 1, A6=0.40314xlO-2, A8= 0.29052x102, 
A10=0.63264xl0-3 

[Page [ 4th ] (r4) aspheric surface data] 

epsilon= 0.20000x10, A4=0. 17811x10- 1, A6=0.44803xl01, A8= 0.25403x10-1, 
A10=0.27515xlO-2 

[Page [ 5th ] (r5) aspheric surface data] 

epsilon= 0.28496, A4= 0.90398xl0-3, A6= 0.58812x10-2, A8=0.40268xl0-2, A10= 
0.10098x10-2 

[Page [ 6th ] (r6) aspheric surface data] 

epsilon= 0.0, A4=-0.60414xl01, A6= 0.15910x101, A8=0. 10850x102, 
Al0=0.90198xl0-4 

[Page [ 7th ] (r7) aspheric surface data] 

epsikm=-0.52095xl0, A4= 0.30068xl01, A6= 0.30856x10-2, A8= 0. 17047x10- 3, A10= 

0.10885x10-6 

[0041] 
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mmmn 

f=4.212,FN0=4.00 

m**m mhwwm uemm iry^m 

rl*= 1.823 

dl= 1.195 -Hl-1. 48740 vl= 70.440,1) 

r2*= 17.003 

d2= 0.300 

r3= oo (ST) 

d3= 0.575 

r4*= -1.231 

d4= 1. 371 N2=l. 53048 v 2= 55. 72 (L2) 

r5*= -0.881 

d5= 0.100 

t6*= 4.980 

d6= 0. 749 N3=l. 58340 v 3= 30. 23 (L3) 

r7*= 1.193 

d7= 0.500 

r8= oo 

d8= 0.500 N4=l. 51680 v4= 64.20(GF) 

r9= oo 



[0042] 

[Page [ 1st] (rl) aspheric surface data] 

epsilon= 0.41144, A4= 0.85264x10-2, A6= 0.61779x10-2, A8=0. 18563x10-2, 
A10=0. 12302x10-2 

[Page [ 2nd ] (r2) aspheric surface data] 

epsilon= 0.16000x102, A4=0.94292xl0-2, A6=0.39468xl01, A8= 0.43553x10- 1, 
A10=0. 19370x10 1 

[Page [ 4th ] (r4) aspheric surface data] 

epsilon= 0.19571x10, A4= 0.22360xl01, A6= 0.23890, A8= 0.29336, A10= 0.36819 
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[Page [ 5th ] (r5) aspheric surface data] 

epsilon= 0.66179x10 1, A4= 0.59525x10-1, A6=0;70445xl0-1, A8= 0.15571x10-1, A10= 
0.54156x10-2 

[Page [ 6th ] (r6) aspheric surface data] 

epsilon= 0.12482x10, A4=0.14933, A6= 0.56598x10- 1, A8=0.76101xl0-2, 
Al0=-0.24802xl0-4 

[Page [ 7th ] (r7) aspheric surface data] 

epsilon=0.60000xl0, A4=-0.74292xl0-l, A6= 0.64193x10-2, A8= 0.15186x10-2, 

A10=0.29432xl0-3 

[0043] 

[Table l] 





&f*iC(1) 




*f*3* (3) 






f/fG 


TG/fG 


|f3|/fP 


T3/f 


VG 




1.79 


0. 92 


0. 1 0 


0. 2 1 


7 O. 4 4 




O. 73 


0.17 


1 . 0 5 


0. 29 


6 1. 2 8 


mmm3 


1 . 0 3 


0.2 9 


1 . 17 


0. 1 8 


7 0. 4 4 



[0044] 

[Effect of the Invention] 

According to this invention, as explained above, optical-character ability is good, to a 
temperature change, there is little performance degradation and low cost and the 
compact image pick-up lens for solid state image sensors can be realized. And if it uses 
for digital input devices concerning this invention, such as a camera of cellular-phone 
loading of an image pick-up lens, and a digital camera, it can contribute to 
high performance izing of the device concerned, advanced features, low-cost-izing, and 
miniaturization . 

[Brief Description of the Drawings] 

[Drawing ll The lens block diagram of the gestalt (example l) of the 1st operation. 
[Drawing 2] The lens block diagram of the gestalt (example 2) of the 2nd operation. 
[Drawing 31 The lens block diagram of the gestalt (example 3) of the 3rd operation. 
[Drawing 4l The aberration Fig. of an example 1. 
[Drawing 5l The aberration Fig. of an example 2. 
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[Drawing 61 The aberration Fig. of an example 3. 

[Description of Notations] 

LI - The 1st lens 

ST - Aperture diaphragm 

L2 The 2nd lens 

L3 - The 3rd lens 

GF ■ Glass filter 

AX -■ Optical axis 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll The lens block diagram of the gestalt (example l) of the 1st operation. 

[Drawing 2l The lens block diagram of the gestalt (example 2) of the 2nd operation. 

[Drawing 31 The lens block diagram of the gestalt (example 3) of the 3rd operation. 

[Drawing 4] The aberration Fig. of an example 1. 

[Drawing 51 The aberration Fig. of an example 2. 

[Drawing 61 The aberration Fig. of an example 3. 

[Description of Notations] 

Ll - The 1st lens 

ST - Aperture diaphragm 

L2 - The 2nd lens 

L3 ■ The 3rd lens 

GF- Glass filter 

AX -• Optical axis 
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[ 11 

i#M*fi:li»)8t«H'X3llti)8o|«i/yXi?Ji)oT < A» e>W »c , IE 

CO HI 1 Ui' X fc , M P i& 9 fc , E©i2uyXi;, Hi ffi KUJ Dfl B £ ft tt ;ft co H 3 u > X 

Men, »2i/yxo5*>©v>fn«»-*«s<f5^i'VX, tt*as^5 

0. 3<f/fG<2. 6 — ( 1 ) 

it tz. L , 

f : £^CO&,£gg$i, 10 
f G : IE CO Xf 9 * U' V X CO ^ Sg 8£ , 
■e *> 5 o 
[ 2 ] 

Ifrltif Ct*I«t5l'>'X3tS[M0S«l'>'X-!?fcoT 1 ft: flfl d» Jd lc , ]E 
©fi i^yX^ Hafit) & , I©l2wyXt 1 lit ffi ftfl tc Qfl ffi £ ft fc A co Sg 3 w ^ X 

^^s/^u^x-e&f), i5!af3 l/yxiisyy^f^ i/yx-ei)t), kto##S (2 

0. 05<TG/fG<l. 35 - (2) 
■fcfc" I, 20 
TG:jE<0#7^1^>"XG93tt_kW>'Xj?:,^, 
fG:E0O^f9^.W>-Xco^^.Sggt N 
-e fe 5 „ 

3 ] 

I^ftti^KftSrijStSwyXafti^wIftwyXtfcc-c, ft <BI p, MI , ]E 
oil vyXi, P*B p i& 9 fc , I©f 2i/vXt, & B Iffl M ® £ ft fc £ co 3fS 3WX 
fc-e«f&£H, SuiESS 1 , ^2 wyx©5*)©v^fti^-*^^7^kvx < ftti 2r ^ X 7 
^^y^^^x-efei?. iuffiH3 wyx^y7^f w^xti)*), m t co # s£ (3 
) srSds-f 5 n t zftm t -r 5 urn. u >-x ; 

I f 3 |/f P<2. 6 •■• (3) 30 
fc fc* L , 

f 3 : |3 U > X CO jit* j£ Sg ffi % 

f P : iE©7*7^f y ^ l^VX©l^Si« 

[ mxm 4 ] 

i*i«lfC*.t»)«t5l'^X3fti(j|Cl»l'^X-e*ot < ft: « d» t> W Ui , IE 
©ilvvXi:, BH P >9 fc , E©I2 uvX.i:, «jB«lcHiB*|Sl»tfcAo3l53U^X 

t-vMf&zix, mmmi, m 2 u ^x© 5 *> co v^thjs*— # 9 * ^ ^x, fin^a-x^ 

^^vy^V^^X-C&i?, hu!E§3 wyXiS7"7^f-y^ wyX-cfct), £A T co 3? # s£ (4 
) iiftt5ii:*1*iit5i*H'X; 40 
0. 05<T3/f<0. 5 •• (4) 

fc fc U , 

T 3 : IB 3 U ^XcoMJb U yXf^ s 
f : £ & © «k & Sg US , 

in&m 5 ] 

Bfttt^^^-tc^Sr^^i-SW^XStftr^^cojt^i/vX-cfcoT, ft d> £> MS fc , IE 
©Si I'VXi, Hi P USE 5 , JE©I2 I'VXi, &ffi<fflfc[H]ffi£ftttfcAcoSg3l'>'X 
fc T fil J& £ *t , BuiSjgl, §2 WVXO^ *)©V^f jx^-^^^^^^^X, <fe # » 7" 9 
* y 9 U^X-Cfet), AtTlQB 3 U ^ X 3* X 7 * ^ * ^ X "C & 9 , «TW*#S (5 50 
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) iiSS £ -f 5 - fc *#itt SSftw^X ; 
V G > 5 8 ••• ( 5 ) 
tz fc L . 

VG : E©^7^ W>X©7 y<^, 
■C *> 5 , 

[3gssroi¥iNiifti&i§in 

[ 0 0 0 1 ] 

[ IS H © Jl 1- 5 Sff^ff] 

*»Wtt»«l^^Xlc|Hi-51>0-eifo9, H fcP L < »iSc¥#:W8*^l^H^»^!^^-C^ 
0i&tff f £**A'A#«# (9* 5? * A** ^ 7 , ri'^^fft*^ 7^) fc iS L fc /h 10 

[ 0 0 0 2 ] 

[^*©Sf ] 

jg^, ,<~-y -f,v=i > fc-;* — ?3?©#,K.fc#V^ ^gfcMfcWJRSrT* A'ttSfcSji 0 i& 
tfi^^T^5rv ! ^;w^?/w*^7^Tv'^/vt'T**>7^ ( T fc r f* v? * * 
^ 7j ) i^gx^-f - U^/Vtf S Uoofc^o :oi5fe7 ! ^!i'^*^7tt 

[ 0 0 0 3 ] 

*fc, 7^^^*^ 7l:ii$il5CCD (Charge Coup I ed Dev i c 
e ) f oi#»«l*^©/Mft;#JIRtt§tj3 9, ^ftfc^oT-T^^A-X^^fcfc- 20 
fO/hSftas*»6ixtv^5. £<BfcX>, fv f >>vA*iSC*3V>tt7<©f Sir £ £> 5 
iti-yxict, = v * hft:#»<sa*ii-cv^5. iftuyxj /KM -f 5 fc ti @ flc 
*^?i?^©1^X£/h$<^5©#Sfc^Bft;*fe^te&5;5S, © fc © fc §: 3fc Hf ^ © 
* X £ /h $ < -f 3 # H # *> 0 , @{*:»lfe^^oSa3tii^S^±^5 £ fc fc fc Jft u v X 

fc K * £ *t S tt £ fc * < 45. 
[ 0 0 0 4 ] 

itta**tfctt^36** s *iiK»U-C»»lwA#ti-5fc«). @#»fciif^©?!U®fclS:tt6>fr 

52 pfl t H C fc i£ 'ft i~ 5 fc V"> 5 JS * s £ C5 c\ fc fc ft 5, C©|BIJHSr»*i-Sfc«>-K:» 
& U V X © It ffl « £ it < fc 8t 5 fc i" 5 fc , fc 5 Ut»tvyX4*©^Ifti}!® 

ft e> n * < 45. 

[ 0 0 0 5 ] 

$ h fcifi¥©{£«*MfcSS#>© fc© , it uyXictfinT. Mb©^51tf s 3i<fto-c#-t^ 
i , 2 til $nt^5„ 

[ 0 0 0 6 ] 

i ] 

#3t2002-517773-§-<k$8 40 

i &m:m 2 i 

#1 2 0 0 2 - 9 8 8 8 9 f 
[ 0 0 0 7 ] 

C » H # • tfc L J: o fc i" 5 « ] 

l^L> #fF;a:$fclfE«t©iSfcl''>'Xte, 4T©VyX*5 7-7^f y ^ wyXtI^$}l 
tv^5. ^©fc©, HJtlEftK:»LTtttB*fls*s^#v^i:V^5IBJjB!6S*>5. * fc , Sift*: 
50111^^0, **l/>Xt LTftfl!t5l:BIAi}S^»til\ #f*F;SCi&2iai&© 

iti/yxii, #7^i/>X2ftt7"7^f i/yxitt-ci^$ntv^5i5, .r © « 

fi£-Cti:#7*wvX&2 flcftffl U T 5 fc A» fc> b -f , fc J: 5 IB # fls # * # 

< ft o T U * 5 . $ fc , #7;*^VX£2;|fcfcte/8LT^5fc©fcii53*Mcft-o-CL 50 
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* 0 o 

[ 0 0 0 8 1 

#3§ IS tt - o /«£ # ft Jc & ^ T f£ £ ft fc h <£> "C h o T, #7 ^ V yXi: ^ 7 ? ^ U- 
[ 0 0 0 9 ] 

vX3«c«j^o»^i-^X-efeo-C, ftfl:flli»f)Kli:, I©f 1 wyXi, JlPRDt, 
i©|2wy Xi> ifejiffijic[u]iiS-^iitfcAoi3 uyXit?i^$H, m IE SR 1 , $2 

o 

0.3<f/fG<2.6 — (1) 

fc fc U , 

f : £5R©*K;£E«, 

f G :E©^f7^^yX©i^Kf, 

[0010] 

JS2©383B©»fcH'XH:, m&M&mi-lz&$:M&-tz ) wyX3fti/SoifwyXt 

fooT, «5 #: « i> 6 W »C . lOlll/XXi, HI P IR 0 , I©l2^Xi 1 fg> ® ffi!llC 

Bl^^iitfcAclswyXi-eifiE^, iKrlB»i. ®2i-^x©5* J ©v^-ftt^-^ 
x-efco, etr (2) ^i£t 5 r £ t -r z> 0 

0.05<TG/fG<1.35— (2) 
fc fc L , 

TGilo^^^wyXcilwyXf^, 
f G : EOX/^^^^XO^^Sggt, 

-efc 5 „ 

[001 1 ] 

S3©«s©»«uyxi4, H#:*sm*^(^^^^fi!(;i-s i/vX3ft*^oiti'yx-e 
feo-C, «jft:«3&>e>KHl!:, lOll^Xt, BPR9 i, I©l2uyXi:, &Bffl0K 
HflBSrfflttfcAcoS? 3 uyxi ft, fltrEfB.i , ^2 v- > X co 5 *jCDV->-ffta> — 

^ # 7 ^. V' ^ X , m^^^^^^s/^i^^X-cSbi?, HE® 3 l/vX^yy y ^ uy 
Xt?fet), «T©*#Si (3) ?riat5:il:Mtt5 0 
I f. 3 I / f P < 2 . 6 •• ( 3 ) 
fc fc L , 

f 3 : m 3 l^XOfc^M, 
f P rEO^^^^y^u^XroJSs^Sggl, 
5. 

[0012] 

»4©*flo»*i/yXtt, H m 7- f£-t 5 u ^ X 3 w > XT 

fcoT, » fffl! j&» e> w , i©n i/vxi, r?gp^f5^> i©i2 uyxt, £ s ic 
pa® £• ft rt fc A co % 3 u >- x t -cflfffc $ ft, ffilEgS 1 , 12 wyx» ^wv^f ti^-* 
as # 7 * u >• x , mjjfrzfv^^yfi-'^'XX'&'o, tin mm 3 Is > X & 7 7 X y ? U > 

Xt»5, « T O * # 5* (4) £iSS§J5-f-5C<k£#ig!f<>:-r5o 
0.05<T3/f<0.5 "(4) 
fc fc L , 

T3 :^3l^>'XC0|i±1/>'Xff^., 

f : ±%<om&mm. 
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i 0' 0 1 3 ] 

m 5 v>mw<DWt& u > x« N nfls»ife*^-jctfis:^riii-* u > x 3 ticM m <o m & ^ ^ * 

h o T » HH m , lOfl UVXK IB P & 9 , EOJB2 uyxt, & B (HI (c 

DO B & A © ft 3 v X -e« J* £ tu , m Eft 1 , I 2 wvX© ^©v^f fi^-^ 

X-Cfct), «T.©*#5£ (5) ^«JEt5i t^r^ttt^. 
V G > 5 8 - ( 5 ) 
fc fc L- , 

VGrJEro^/^^W^XOTs/^^:, 10 
[0014] 

tL&t* V 9 fr* * 7 ft) OliJv^X?3b5. ^ It, Ml b J© , iE©Sl 

X (LI) (ST) t , I©I2UVX (L2) £ , &Bfl!lt-|]flB£rrn]ttfc 

rft©ft3WVX (L3) £ , ©U>X3tti*l:fto-CJ3!), * © « B«l tt # 9* W o — 

^(rtaa-t-sqzff^StS^roXfy^^-f/Wi?— (GF) asffitt £ JxT v> 3 20 
. Jfc, Hl~l3©Hffi©f glC|JV>t, f^tOU^Xffl (r 1, r 2 , r 4 ~ r 7 

[0015] 

X (LI) 14 <{fc B ME O B & ft IE © ^ = ^ # * M # £ * -f 5 X 9 * ^ v 9 \> is X -c h 

fj, ft2^vx (L2) temmm^&ffi&farttcjEcDt-^xxT&yi&iii-tzxy*^^ 
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3) liMMi^SrttSAw^^^fj'^l/yX-C&S. ft3©}g2ife©M1!gl;::}b^-C, ft 
1 W >• X (LI) li^fcm^am * fatt tzlE<D * ~ * % & % 7 * ^ > *X 

0, ft 2 V- >- X (L2) f±«ffi(HIKi&E«rfflt*fc:E©7<=;*#;*»*fc&Wi-5:79*^5' 
^ U ^ X 9 , ft 3 W > X (L3) ttfcB«fcM®«:fflttfcA©.*=*#*JB:lfc«:3rl- 
5^7^f UVX-Cfo^o 
[0016] 

^ i;, ( « ,5 gg j» © $ m -e s fi $ *) <de«*sje • je • ft© 

wyX^-f XlCfcV^T, ftl, ft2WX (Ll. L2) © 5 *> © V ^ 1* *t a> — 33*13*7* 
W V X , fdi^SrX^^^S'^i'^XirL, ft 3 >- X (L3) £ *t! B Iffl K M B £: fa fc X 

^l/yXifSiiliJ:!), H fl^ ^/B © » ^ ^ X K & g I* tti Ittt g , 40 

[0017] 

*1\ #Hife©?£fl8©*& v fX'#*iai-'< # o* t> #3life©Jfcfi8© «fc 5 4 * w 

X © * & u v X |c *5 Vn T M fc -T Z. t & m * L * «= 5t £ tft 5 . fc fc* L , HTCBflt 

& k « & ax tf , *rj&i-3f£fli • gj&zmtit-rz z. t « -sj -e * . t>*>^A/, ^igc©^ 

[0018] 50 
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KTO^ttS (1) ^SStS^i^I* LV\ . 

0 . 3 < f / f G< 2 . 6 ' - ( 1 ) 
tz tz U , 

f : ±&<DMfi.mM, 
f G : 1E(D 7 * U > X <DMM.3£M, 
"C £> 5 . 
[0019] 

0k # 5£ (1) 11, E • E • t>©]E0^7^i'>'XliHLT, i& g '2 -ft 1- <fc 5 14 1t£ ^! 

it k &Mm&1fe b & ? > * £ & Z tztb<D $kWm.m&%lfe l-X Z * 2k (1) ©TPS 

£ ;t 5 <t , iaftaj-fbic^sttigas-fb 5. a» i- , & # a; ( 1 ) <z> _k pg & S * 5 

t , SE ft J: 5 *li «B £ ffc fi /.h $ < ft 3 # , 36 * flX IS = H5US *s iB-fk U T L * 5 . 

[ 0 0 2 0 1 

KTO*#i (2) ^Ht5rH5i* LV\ 
0. 05<TG/fG<l. 35 - (2) 
fc b , 

TG rEO^^^l^VXOiflll/yX)?^, 
£ G : IE <D y X u > X <D M M. SgJK , 

[ 0 0 2 1 ] 

a # (2) je -jE'&<Doib<DiE<Dtf7xu ^x\zmvT, ^.mmit^x^^mm 
(2) <d .tm&Mz-z t , um^itiz x s tt ui ae as as * # < & 5„ >a*ic, (2) <d 

T R * m x. % t , ift £ £ fc: J: 5 H6 SE rt; tt /h 3 < ft S # , # 9 * u > X & W < ft 9 i" 

■c L£v^ ^^Xfflia«-c©**.*J*^Jc««-c#ft< fto-c«3g-?#ft< ft 3 . 

[ 0 0 2 2 ] 

$XT<D*kWH (3) ^ t LV>. 

1 f 3 I / f P<2. 6 ••• ( 3 ) 
fc tz L , 

f 3 : SI 3 V- V X (L3) <B £ £ Ig JB , 

f P : iEcDT'^^^i/^ l/yXO*^Ei, 

[ 0 0 2 3 ] 

|£#5£ (3) 12, # 9 * ^ > XSLKCD7° ? * f- v 9 1/ V XleiH U T , ffl. £ 3? it 1C «fc 5 14 ffi 

t , iaSgHbic «fc 5 te.mm<k&± # < ft o t 5 . 

[ 0 0 2 4 ] 

«TO*#S (4) i^gt tv\ 

0.05<T3/f<0.5 - (4) 

fc fc U , 

T3 :I3VVX (L3) <Dtt±W^Xff^., 

f : ^ % © *r ^ sg m , 

[ 0 0 2 5 ] 

A#5£ (4) 13 x E-E-^0^*-©#l^VXt?fe5f3l/yX (L3) I: I L t , 
SSa:iklcj:5tttga:^^=§-iR^tt«gt^^ i 5 9^^$-fr5fc«)©A#liSia^^^L.-C^-5 
„ (4) (D ±m&Mx. 5> t . aftSSflsK .fc SttflBSEffcas** < ft 5. iS? 1- , 

(4) ©TPS^iiSt, i& £ IE <fc let 5 14 t& HE it « /h $ < ft 3 # , siftifcg^a-^i&M 
ft m it L T L * 5 „ 

[ 0 0 2 6 ] 

jwr»^#^: (5)"*i»j£i-5::tasffl*uv* 0 
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V G > 5 8 •• ( 5 ) 
tz. tz L , 

VG : JE<D 7 * UyXOT ^ $C , 
[ 0 0 2 7 ] 

(5) tt, ^7^wyXffifelRliIEi;it5*ttlSB^a£LTV^5 0 -£#5£ ( 
5) ©^#^fflSr^ix5i:, #7 ^ > XcfeHXiijE*s^F£ L, ^ftt LtfeHZl^I 
ftLTli^. .* fc , ^7?f (5) ^Igli^itSi, # 3f K 

[ 0 0 2 8 ] 10 

& MM <D M M <D £ ? y ^to i/yX©'>^ < ttlS^^^iffeS-i^a* lt\ 
!f?l~Jg3W>-X (L1-L3) <D^*L^*Uc#ifcB&'>ft<tt>l®S3:tt5-<tte, « 

snx^, =* -<?i&mRzfim#i>&m<DffijEiz±% & m a* *> 3 „ ^^jfe^^^^s^^ 

yXB, A*f7fci8i£® Urf^ffl K <fc <9 $ 5 IlfS v VX ( o * 5 J* 5 B $r * «: * 

ffi * u >• X f± i ^ » . #J ?L f£ , |Bl0ff^ffl^J:«3Alt3ti8&* : iSl*)^*5llI0fSiV'^ 

X, iaifff^ffli:JBIJffP«i©ilia*-S-*3*-CA*3t*«riBl6]$*5JBJf • 0 if ^ -Y X y s/ K 

ttiv\ fcfcb, jBt«rt-e®Jf*isaE-fk-t-sa*fs(54>*Si^^XH:, -t <o * *6 /j: » ^ 
3^ hr y^ta< * m w \z & z mm u ^ ?c & 3 %c <d u 1/ x (li~l3) h 20 

[ 0 0 2 9 ] 

**:#*lfeOJg1BKi3V^-r, Tt^Wfr^ L&V^ (09;ttf, SitK. a^rB, 0 

t ±v\ iff o * »f ft e 14 &m k js c t wl -r n r* «t < , 36 ss © jg je * iff k> ft »f 1- «t v , » 

* h'ft;Sr^fiK-r5^i^'5Ilgt?fc5o * , £9 (ST) « d> K 7F- H % £ * y h -f 5 

tz a> <d % m a frJ s «f & s £ c r la « l t t j; v> . 

[ 0 0 3 0 ] 

«-&16©Jg««0»* i^Xtt, 9* * /WA;fc««/B ©'hS»l w V X t It W^ffl dig L 30 

Cirds-C^^ 0 JS^u^X^Bf^, &^ftcD#ihiIj»J£ J S>»)iIi«ff$ icfflv^ bii5 * * 9 { 
W x. , 7* v 5 9 A* # ^ 7 ; tr x * * * 9 ; f y^/V^ftas y h, /<-yt*aVl?a 
- * , ta-^, -<^S^dr^^--. i£^miS. mmmmtQ* (PDA: P 

ersonal Digital Assistant) f CrtlXli^MttcStli*^ 
7} ©^fcSW^S^-e&tJ, #1 *. t£ > 1*5 ft ( « ^ ft: ) m ?> ffi & , ^iftcDTt^^^^^ 

[ 0 0 3 1 ] 40 

Ifc^ot, JLKfiLfc=§-*lfeO^^(c«^TO*^5rWt-5l§^ (i) ~(i v) # is £ 
*it*55. ^ * K «fc 9 , &0fc7fc^tt#6£^L{63*h^^W^h&»*£l'^X;gE 
l^i5t5:H!t?§5. tUT, n ft £ 9 /V * ^ 9 m ffl i" ^ « , ^^*t<7 
©SSttUBft. K«1IB<k, {£ = * Mt&tf3 MfcK«-5--f-5 ^ £ 5o 

(i) *fS^I{St5«i'VXi > *o»«u^XliJ:9?Kja*ixfcit***« 

x^s, 4to ft fid ^ e> ffi , i^vxt, M □ & 9 t . io|2uyXi, s flitc pg 

®£|tnttfcA£>Jg 3 uvXi t?«^$ix, BftKUSi, i 2 wyX<o 7 *>rov^f n^-*^ 
7y9^.L'>'X x flfe^^X^^^^^U-^X-efeiJs BfifS®3l^>'X^iS 7 B 7^.^ S / J ?w-^x 
-^fo^^ Hui23H*5£ (1) ~ (5) ©?*,©/>/j:< H loJriSfSr tS:#»tt5 50 
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(i i) %^&%Wim.-rZ>WL&\s^<Xk, *©aHfeuvXlcJ;ijJK*$ixfc3te^ifeS:« 
MW'ilff l^fttSSfrlftiS^t, ^tifcftti^vxglt^ot, flu IE » ft > 
X as , 4fe flc ftij d> P> IS , EOf 1 l/yXi, lP80i, I©|2 A © |g 3 w 

flu IE B l . 12 i/yXroHcv^f jxi 4 -*^^=^*^i*!©^7 
u > X , {tii^^^.= ^.*^^t>tco7'7^^s/^W'>'X-Cfci9, Ail IE SI 3 v >- X ^ ^ B $J 
»c cd b & ft ?t - ^^^^^xfii^Dfl^^wx^^^?'^ u v x -c *> •? , flu IE * # 5£ ( 
l) ~ (5) ©5*>©'>4< it loiifitsr i:4r#jatt5»ilV'VXgi. 
(i i i) flu IE 31 1 ~ m 3 u x X# * ti ® * 4> ft < i: 1 B 5 i £ Sr » 

tttsiia (i) x « (i i) sa«©a«w^x^« e 

( i v) flu IE IS 1 ~SR 3 i^^X^^T^«^«"l->X-Cfc6^i:*#m«ki-5-hfS ( i 
) ~ (i i i) ©V^i"tt*>lojc|E«l©lRfftU>'X^1t 0 
[ 0 0 3 2 ] 

B#:*{fc*^-i:L-Ctt:» «itflS©I**>«5CCD^CMOS (Compl eme 
ntary Metal Oxide Semiconductor) -feVi^ — ^*SffiV> 

^«#^c|g^$i^5l^^c|g^-r5v^^^^>55f^?^gLy'^'x^g/^^$^^5J; 5 ic , 3 m a 

[ 0 0 3 3 ] 

ft # , 8|^w^X<7?*^Si:H^SI^*^i:©ratcEia$ix53t^6*Jci-/^^7>f^^- 
tt, &niM<nJ&M-?i-itf ? * y -r /v^— (GF) T?#j£ $ ftT V\5 *s , fffl^Sfi'? 
/i' *83S I- JCS C <D -C ft f£ «fc V-> . ^ x. fi . 0f^«O^^tt^i6jdSjjs$jx^7KS^Sr 

[ 0 0 3 4 ] 

[ 31 M ] . 

ictfeBJ-rSc C£-eaitrr53**0!ll.~3W:» flt)Kgbfc^l~®30|5«fe(D^^lc^n^tt 

*f^LT^y, m 1 ~m 3 <omm(Dtem&&-r is > xm&® ibi-bsi asfjs-t-s 

Hife^!ll~3«W>'X«fig^^rix^ f tt^L--CV^5 < , ^-Hife^J^^v^hv^v-a ? 
K 33 V^ T , r i ( i = 1 . 2, 3, . . . ) lifeft:*^ tltx. t i #@©B©I$*S ( 
mm) , di ( i = 1 . 2, 3, . . . ) r4*ft:«*»e>**.-Ci*B©«l±ffiMIW (mm 
) 5: * L 1 13 D > N i (i=l, 2, 3, 4), vi ( i = 1 , 2, 3, 4 ) *J # fll 
fc^^-Ci#g©7t^^^©dilUc^-r5@Sf^ (Nd) , 7 s"<# (vd) <Sr^ LTV^ 
5, £ 3R © £ £ « (f, mm) S V F t y — (FNO) «: © — ^£&fcHtT^L 

[ 0 0 3 5 ] 

tt^¥@r i ic * # ft £ ft B «: , #iSB^tK©S0r7fc^BXte#ifcB£^#ftJi#rf£ 
ffl5;Wt5B-e&5Cc&f L, ffi 05 ffi #."F © * (AS) 

t> © i "I" -5 „ 3-*Jfc#l©#5SB^ — * & flil © 7* — * .t 3? T * „ 

X (H) = (CO-H 2 ) / { 1 +J~ (l-£ - CO 2 • H 2 ) } + £ (Ai • H ' ) 

- (AS) 
It fc* U . St (AS) f , 

X(H) :Si$H©feB-e03ttt)(AX)^t6]©^fe4(BlI^S^), 
H : }t <tt (AX) {C M L T Sit ft Jj ft © $ , 
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CO : ifitt*^ < = 1 / , 

Ai : i Jc©#«ffi«ft (A i = 0Oi^©r-?«f »St5„ ) , 

-<**> 5 o 

[ 0 0 3 6 ] 

I4-0 6IJ, mfe^!ll~^ife^J3lC*j-|S-r5lRMIl|-Cfo , 9, 04-06^, (A) f* $ 

5 4K 31 Bi . ( i3 ) IS # ^ "KM 13 , (c) liSiteil-CifoS {FNO : Ftv/^-, Y' 

: ft * & i£ (mm) } . ifcBHRHEIK&V^T, MB ( d ) d ftK - $1 $H (g) 14 g i 
. —&mm (c) ttcjS§UC*ti-33-3$ffilfc^* (mm) t«UT*9, ( S C ) tt jE 

6 3b # ?F J£ i ( mm ) «:J|{U-CV*5 0 #,&UJ13!SIIC:}3V^, fifci® (DM) tt V 7 s 4 * 
-TfVm, MB (DS) ? ^m-?<D d m\ZM-? Z> &$zfi.W.M (mm) £r*:bbTV^5 
o SftHX^Illl'joV^T^i^fi dii§l££J"t"<5s£tf3 (%) 

[ 0 0 3 7 ] 



f=3.382,FN0=2.80 
rl*= -10.748 

dl= 0.756 Nl=l. 53048 vl= 55.72(11) 

r2*= -6.165 

d2= 0.933 

r3= oo (ST) 

d3= 0.500 

r4*= -12.672 

d4= 1.734 N2=l. 48749 v2= 70.44<L2) 

r5*= -0.898 

d5= 0.100 

r6*= 5.623 

d6= 0.700 N3=l. 58340 v3= 30.23a3) 

r7*= 1.145 

d7= 1.300 

r8= oo 

d8= 0.500 N4=l. 51680 v4= 64.20(GF) 

r9= oo 

[ 0 0 3 8 ] 

im i ® ( r i ) (DftMrn?- * ] 

£ =-0. 49000X10 2 . A4= 0. 19628X10 -1 . A6= 0. 42 
2 6 1 X 1 0 ~ 2 . A 8 = - 0 . 14046X10 -2 , A10= 0. 24571X1 

o - 3 

[|2g (r 2) <D&T$.ffir~ 9 ] 

e=-0. 61499X10, A4= 0. 46300X10" l , A6=. 0. 581 
5 6 X 1 0 ~ 2 , A 8 = - 0 . 55287X10" 2 , A 1 0 = 0. 25143X10 
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[ 0 0 3 9 ] 

f=5.403,FN0=2.80 
rl*= 3.427 

dl= 1.256 Nl=l. 58913 vl= 61.28 (LI) 

r2*= 13.824 

d2= 0.643 

r3= oo (ST) 

d3= 0.972 
r4*= -3.551 

d4= 1. 640 N2=l. 53048 v 2= 55. 72 (12) 

r5*= -1.328 

d5= 0.100 

r6*= -31.222 

d6= 1.584 N3=l. 58340 v3= 30.23CL3) 
r7*= 2.125 40 

d7= 0.800 

r8= ao 

d8= 0. 500 N4=l. 51680 v 4= 64. 20 (GF) 

r9= oo 

[ 0 0 4 0 ] 

[SglE (r 1) ®#«If-^] 

e= 0. 45664. A4= 0. 50687X10 _2 ,A6= 0.84990X 
10 -3 ,A8=-0.13419X10~ 4 .A10= 0.45261X10 -4 50 
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